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Abstract 


Development  of  sensitive  detection  methods  for  CN  is  important  because  of  applications  to 
propellant  flames.  This  radical  plays  a  critical  role  in  propellant  combustion  chemistry. 

We  have  observed  a  strong  two-photon  absorption  in  the  (3,0)  band  of  CN  by 

means  of  a  resonant  enhancement  through  the  A%,  v'=4  level  Many  lines  are  seen  in  the  two- 
photon  spectrum  due  to  multiple  single-photon  near  resonances  in  the  (4,0)  band. 

The  detuning  of  the  laser  from  these  resonances  varies  from  less  than  one  to  hundreds  of 
wavenumbers,  producing  unusually  large  peak-intensity  variations  in  the  two-photon  spectrum. 
This  effect  is  not  observed  in  two-photon  transitions  far  from  resonance.  Resonant  enhancement 
is  observed  over  a  range  from  iV  =  5  to  20.  We  know  of  no  other  molecular  two-photon 
transition  in  which  a  near  resonance  produces  such  dramatically  varying  intensities  over  a  short 
range  of  rotational  levels.  A  calculation  of  the  line  strengths  for  these  transitions  reproduces  the 
major  features  of  the  spectrum. 
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1.  INTRODUCTION 


The  observation  of  near-resonant  «-photon  electronic  absorptions  is  rare,  especially  for 
diatomic  molecules  and  low  n,  because  few  molecules  possess  an  intermediate  electronic  state 
coupled  to  the  ground  and  a  higher  lying  excited  state  by  strong  dipole  transitions.  Notable 
exceptions  include  the  alkali  metal  dimers  and  a  few  diatomic  radicals.  These  species  are 
characterized  by  low-lying  electronic  states,  and  near-resonant  excitations  may  be  allowed.  The 
observation  of  single,  near-resonant  transitions  in  Na2  and  CH  have  been  previously  published 
[1-5].  Here,  we  report  the  observation  of  near-resonant  two-photon  absorptions  in  CN.  These 
two-photon  absorptions  in  the  (3,0)  band,  enhanced  by  single-photon  near 

resonances  in  the  A^IIj,  v'=4  level,  are  exceptional  because  many  such  lines  are  resonantly 
enhanced.  The  detuning  of  the  laser  from  the  single-photon  resonances  varies  from  less  than  one 
to  htmdreds  of  wavenumbers,  and  the  line  intensities  vary  over  a  large  range.  Thus,  this  system 
should  provide  a  good  test  of  theoretical  line-strength  calculations. 

The  observation  of  the  *-  (3,0)  transition  was  unexpected  because  its  Franck- 

Condon  factor  is  small  («2  x  10“^)  [6].  Indeed,  the  spectrum  was  discovered  only  accidentally 
during  a  study  of  optical-optical  double  resonances  involving  the  same  three  vibroitic  states  in  an 
atmospheric  pressure  flame  [7].  In  order  to  simply  analysis,  the  two-photon  spectrum  reported 
here  was  recorded  at  room  temperature  and  low  pressure  so  that  the  collisionally  enhanced 
optical-optical  double  resonances  were  essentially  suppressed.  The  CN  ground-state  radicals 
were  produced  by  the  193-nm  photolysis  of  C2N2. 

Two-photon  line  strengths  have  been  previously  calculated  for  a  nonresonant  intermediate 
transition  in  a  diatomic  molecule  where  the  initial  and  final  states  conform  to  HutkI’s  case  (a) 
coupling  [8-1 1]  and  for  near-resonant  two-photon  transitions  in  which  all  states  conform  to  either 
case  (a)  or  case  (b)  [12].  Line  strengths  have  also  been  computed  in  the  nomesonant  case  for 
ntolecules  in  which  the  initial  and  final  states  conform  to  case  (a),  (b),  or  the  intermediate  case 
(a)-(b)  coupling  [13].  However,  a  calculation  is  not  available  wherein  a  near-resonant  state 
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displays  an  intermediate  (aHb)  character,  as  does  CN  An  appropriate  calculation  is  given 
in  section  3,  and  its  results  are  compared  to  the  observed  spectrum  in  section  4. 


2.  EXPERIMENTAL 

CN  was  formed  by  the  193-nm  photolysis  of  C2N2.  This  process  produces  CN  only  in  the 
ground  electronic  state  with  about  20%  of  the  population  in  the  v"=l  vibrational  level  and 
the  rest  in  the  v"=0  level  [14].  Rotational  excitation  is  modest  and  completely  relaxed  to  room 
temperature  after  a  delay  of  about  150  ps  at  a  pressure  of  about  200  mtorr  C2N2.  Rotational 
relaxation  was  verified  by  scanning  the  A^IIj  -  X^S^  (4,0)  laser-induced  florescence  (LIE) 
spectrum. 

A  Nd:Y AG-pumped  dye  laser,  operating  with  DCM,  was  used  to  excite  the  two-photon 
*-  X^S'*'  (3,0)  band-  The  laser  was  focused  into  the  center  of  the  experimental  cell  with  a 
350-mm  focal-length  lens.  The  Nd:YAG  laser  was  a  Spectra  Physics  DCR-1 1,  and  the  dye  lasCT 
was  a  PDL-n.  The  last  amplifier  was  longitudinally  pumped,  so  fliat  the  dye-laser  beam  had  a 
hole  in  the  middle,  characteristic  of  the  unstable  optics  in  the  Nd:YAG  cavity.  The  teEqwral  pulse 
width  of  the  laser  was  8  ns.  Under  similar  conditions,  with  an  unfocused  beam,  the  A^IIj  -  X^S'*' 
(4,0)  transitions  were  saturated  when  the  pulse  energy  was  greater  than  1  mJ. 

The  two-photon  transition  was  observed  by  monitoring  emission  from  the  -  X^S^  (3,3) 
band  through  a  388-nm  filter.  The  emitted  light  was  detected  by  an  eleven-stage  bialkali  EMI 
photomultiplier  and  averaged  in  a  boxcar  analyzer.  Signals  were  recorded  in  a  computerized  data 
acquisition  system  that  also  controlled  the  experimental  timing.  Two-photon  spectra  were 
recorded  at  pulse  energies  of  about  3  mJ.  Higher  energies  saturated  lines  in  the  spectrum,  as 
revealed  by  increasing  line  widths  and  growth  of  the  weaker  lines  relative  to  the  stronger  ones. 
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3.  LINE-STRENGTH  CALCULATION 


The  line  strength  for  a  two-photon  transition  from  ground  state  |g>  to  final  state  |f>  is  given 
by  perturbation  theoiy  as 
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In  this  expression,  |i>  is  the  wave  function  of  an  intermediate  state,  p  is  the  dipole  moment  of  the 

molecule,  e  is  a  unit  vector  specifying  the  polarization  of  the  incident  laser  beam,  ( (o^g)  is  the 

transition  frequency  between  states  |  i>  and  |  g>  ( |  f>  and  |  g>),  and  is  the  homogeneous  width 
of  state  I  i>  [15],  Sums  are  taken  first  over  all  intermediate  states  |  i>  and  then  over  all  magnetic 
sublevels  {Mg  and  in  the  ground  and  final  states. 

We  invoke  the  Bom-Oppenheimer  approximation  and  use  Hund’s  case  (a)  wavefunctions  as  a 
basis  set,  which  have  the  form  |  $LA>  |  S  |  x>  |  JQM>,  where  the  parameters  all  have  their 

axnmcMi  spectroscopic  meanings;  |  $LA>  and  |  x>  are  the  electronic  and  vibrational  parts  of  the 
wave  function,  respectively.  Tbe  rotational  part  of  the  wavefunction  in  the  case  (a)  basis  is 
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where  is  a  Wigner  rotation  matrix  element  [9-13, 15-19].  The  symmetrized 
wavefunctitHis  for  the  ^2'*'  states  are  [16, 18] 
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and  for  the  substates  they  are 
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In  these  expressions  the  upper  (lower)  sign  is  chosen  for  e-  (f-)  parity  levels.  The  ^1(^2) 
levels  have  e-  (f-)  parity.  In  Cffder  to  describe  the  Hund’s  case  (a)-(b)  intermediate  coupling  for 
the  state  we  define 
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where  J -1/2 -N  for  the  Fj  levels  and  7  +1/2  =  N  for  the  F2  levels  [13, 16-19].  In  these 
e}qpressions  the  coefficients  a  are  defined  as  [19] 
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We  have  used  the  definitions  Y  -  Ay/B^  and  X  =  (J  +1/2)^  - 1;  Ay,  By,  Dy,  and  Fy  all  have  their 
custcHnary  meanings. 


Since  a  linearly  polarized  laser  was  used  in  the  experiments,  the  calculation  that  follows 
assumes  linear  polarization.  The  development  for  a  circularly  polarized  laser  would  be  similar. 
The  scalar  product  of  the  molecular  dipole  moment  and  the  electric  field  polarizaticm  is  then 
[11-13,20] 


where 
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Here  is  the  position  vector  for  the  electron  in  the  molecular  frame  of  reference  and  Yj^r^) 

is  a  spherical  harmonic.  Using  equations  2-5  and  9,  equation  1  then  becomes 
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Index  p,-  assumes  the  values  0  and  1;  index  Ni  varies  between  -1/2  and  +1/2.  The  dipole 
Tpnrnftnt  operator  defined  in  equation  10  does  not  affect  the  electron  spin  wavefiinctions  |SS>. 
Therefore,  only  those  toms  with  =  Si  =  S/  survive.  Rotational  matrix  elements  are  evaluated 


using  [16] 
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The  properties  of  the  Wigner  3j  coefficients  then  require  =  M,-  =  My  =  M  in  equation  11. 

Furthermore,  for  fixed  Qj-  and  Qg,  or  Qy  and  Qj-,  the  second  3j  coefficient  in  equation  12  selects 
only  a  single  term  in  the  sums  over  q  and  q Equation  1 1  then  reduces  to 
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We  evaluate  the  relative  signs  of  the  electronic  transition  moments  using  the  Wigner-Eckert 
theorem  [16], 
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In  each  bracket  in  equation  13,  there  are  only  two  unique  3j  symbols.  We  choose  to  convert 
those  having  (-1)^*  cofactors  by  changing  the  signs  of  each  parameter  in  the  bottom  row.  This 
operation  introduces  phase  factors  (-if and  (-if which  are  equivalent  to  (-ll^^^i 
and  (-1  f^  where  AI  =  Jf-Ji  and  AJ'=Ji-  The  line  strength  can  then  be  written  as 
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The  upper  (lower)  sign  is  chosen  in  the  first  bracket  for  Fj  (F2)  levels  of  the  final  state 
( I  f>).  A  similar  choice  is  made  to  select  the  Fj  or  F2  levels  of  the  ground  state  ( |  g>)  in  the 

second  bracket  Parity  and  A/  selection  rules  are  obvious  in  this  final  expression.  In  particular, 
equation  16  allows  six  main  and  four  satellite  branches:  Oj,  O2,  Q^,  Q2»  S^,  S2,  ^21’  ^12» 
^R2i,  and  ^12* 


7 


4.  RESULTS  AND  DISCUSSION 


In  the  (3,0)  spectram,  the  laser  detuning  from  resonance  (Of^2\)  was 

always  much  greater  than  the  natural  linewidths  (» 10"^  cm"  ^);  therefore,  to  simplify  the 
calculation,  F,-  was  neglected  in  the  line-strength  calculation.  However,  because  the  laser 
linewidth  is  finite  and  the  transitions  saturate  when  the  energy  per  pulse  is  less  than  a 

millijoule,  this  assumption  may  not  be  wholly  valid  for  aU  lines.  The  only  intermediate  vibrational 
level  used  in  the  calculation  is  the  A^IIj  v'=4  level.  Thus,  the  sum  over  vibrational  integrals 
collapses  to  a  single  term,  <X3 1 X4XX4 1  Xo>- 

Constants  for  the  X^S'*',  v"=0  and  A^IIj,  v'=4  levels  were  taken  from  Kotlar  et  al.  [21].  The 
term  value  (E)  for  A^IIj,  v'=4  was  computed  from  the  Dunham  e3q)ansion  for  vibrational  levels. 
Spectroscopic  constants  for  the  v'=3  vibronic  state  were  taken  fi’om  Ito  et  al.  [22]. 
Constants  for  all  three  states  are  listed  in  Table  1.  The  constants  for  the  X^S'*’  and  A^Kj  states 
were  used  to  compute  wavelengths  for  A^Hj  -  X^S"^  (4,0)  UF  spectra  obtained  in  a  flame  [7]. 
Calculated  wavelengths  matched  the  experimental  results  within  the  laser  bandwidth. 

Calculations  using  equation  16  have  shown  that  if  the  varying  contribution  of  the  term 
-  o>f^2  -  irjl2)  is  ignored,  the  reduced  line  strengths  Sg^l(2Jg  +1)  of  the  Qj-  and 
Q2-branches  are  the  same  for  a  given  /g,  and  the  same  is  true  for  the  0-,  P-,  R-,  and  S-branches. 
As  expected  for  linear  polarization,  the  Q-branch  lines  are  much  stronger  than  the  O-  and 
S-branch  lines  for  this  AQ=0  two-photon  transition  [8, 9, 13].  The  Q-branch  reduced  line 
strengths  are  nearly  constant  for  large  /g  [8-1 1].  The  P-  and  R-branch  line  strengths  decrease 
rapidly  with  increasing  Jg. 

The  results  of  the  calculation,  with  computed  detunings,  are  compared  to  the  experimental 
spectrum  in  Figure  1.  Line  strengths  were  computed  up  to  Jg  =  30.5.  Because  the  rotational 
B  constants  of  the  B^S'*’  and  X^  S'*’  states  are  nearly  identical  (see  Table  1),  the  q)ectram  has  a 
line-like  Q-branch  with  headless  O-  and  S-branches.  The  latter  have  very  evenly  spaced  lines. 
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Table  1.  Spectroscopic  Constants  Used  in  the  Calculation  of  Two-Photon  Line  Strengths  for  the 
CN  (3,0)  Band.  (All  symbols  have  their  usual  spectroscopic  definitions. 

Constants  are  taken  from  Kotlar  et  al.  [21]  and  Ito  et  al.  [22]  and  are  expressed  in  units 
of  centimeters'^) 


X^2:^  v=0 

B^S%  v=3 

Am.„v=4 

E  (xlO-'*) 

0.0 

3.2045917 

1.611475500 

B 

1.891077896 

1.89417 

1.637882921 

D  (xlO®) 

6.406535208 

7.0268 

6.128776498 

Y  (xlO^) 

0.7254551000 

2.22 

— 

H(x10^2) 

6.331907154 

-11.8 

— 

Yd(xIO') 

-1.814133463 

-87.6 

— 

Yh  (xIO^^) 

— 

-9.8 

— 

A 

— 

— 

-52.32744572 

q(xlO^) 

— 

— 

-4.117828087 

pfxlO") 

— 

— 

7.628636855 

a 

— 

— 

-3.85102 

p  (xl(P) 

— 

— 

2.0818 

— 

— 

1.975351405 

The  Oi(Jg),  02(Jg  -1),  and  -1)  transitions  are  unresolved  as  are  the  Si(7g),  S2(/g  -1),  and 
*R2i(/g)  lines.  The  Qj-,  Q2-,  ^2i-»  2nd  ^12-branches  all  contribute  to  the  strong,  sharp  feature 
near  623.9  nm.  The  simulated  spectrum  is  a  least-squares  fit  to  the  measured  spectram,  obtained 
by  varying  only  the  temperature  and  a  scaling  factor.  The  Q-branch  is  not  included  in  the  fit  for 
reasons  that  are  discussed  in  the  following  paragraph.  The  effective  transition  linewidth  is  fixed 
at  0.9  cm'^ 

The  ground-state  rotational-distribution  temperature  that  produces  the  best  fit  is  150  K.  It 
should  be  explicitly  noted  that  the  expected  rotational  distribution  in  tiie  ground  state  is  that 
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Figure  1.  Comparison  of  a  simulated  spectrum  using  the  computed  line  strengths  with  the 

obsCTved  spectmm.  The  temperature  for  the  simulation  is  150  K.  Only  the  temperature 
and  a  scale  factor  were  varied  in  the  simulation  to  best  fit  the  experimental  spectmm. 
Features  A  and  B  are  discussed  in  ths  toxt- 


characterized  by  an  equiUbrated  population  at  300  K  This  tme}q)ected  difference  is  not  well 
understood  Several  possible  systematic  measxirement  errors  were  considered  and  dismissed.  (1) 
The  transmission  bandpass  of  the  detection  filter  was  wide  enough  so  that  the  filtCT/PMT 
ccanbination  was  equally  sensitive  te  fluoresc^ce  from  all  of  the  transitions  obs^ed  in  the 

(3,3)  band.  (2)  Variation  in  the  laser  intensity  over  the  wavelength  region  scanned 
was  very  small.  In  any  case,  a  systematic  variation  of  the  laso*  intensity  would  cause  a 
monotonically  varying  discrepancy  from  the  violet  to  red  ends  of  the  spectrum.  However,  the 
discrepancy  for  a  300-K  simulation  is  not  monotonic  because  low  N  transitions  occur  in  the  O- 
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and  S-twanches  near  die  center  of  the  band,  while  high  N  transitions  are  in  the  wings  (see 
Figure  1).  (3)  The  pressure  was  low  enough  that  collisional  effects  in  the  excited  state, 
which  can  strongly  affect  temperatures  measured  by  LIF  rotational  excitation  scans  [24, 25],  are 
not  believed  to  be  of  any  consequence.  (4)  Self-absorption  of  the  emitted  radiation  by  ground- 
state  molecules  is  of  no  consequence  since  the  emission  is  mainly  due  to  a  high-lying  vibrational 
level  (v"=3). 

Because  the  Q-branch  is  unresolved  and  many  of  its  lines  are  saturated  in  the  measured 
spectrum  [7],  no  attempt  was  made  to  fit  its  intensity;  the  simulated  Q-branch  at  150  K  is  about 
80%  stronger  than  that  measured.  The  simulation  reproduces  the  major  features  of  the 
B^S'‘‘*-X^S'*’  (3,0)  band  two-photon  absorption  spectrum.  Discrepancies  may  be  at  least  partially 
attributed  to  saturation  of  the  stronger  transitions  in  the  measured  spectrum  considering  that  the 
line  strengths  vary  ovct  several  orders  of  magnitude.  Especially  for  transitions  where  the 
intermediate  state  detuning  is  less  than  a  wave  number,  it  is  probable  that  the  intermediate  - 
transition  is  saturated,  and  neglect  of  the  i7]  term  in  the  energy  denominator  is  not  justified. 

For  each  transition  in  the  10  branches,  there  are  particular  pathways  from  the  X^S'*'  to  the 
B^S'*’  state  that  involve  dipole-allowed  quasi-resonant  transitions  in  the  X^S'*’  (4,0)  band 

followed  by  a  second  dipole-allowed  transition  in  the  B^S''’'^A^nj  (3,4)  band.  These  pathways 
are  schematically  indicated  in  Rgure  2  for  the  O^,  ^21"’  Q^-branches.  The  O-  and  S-branch 
transitions  each  have  two  possible  allowed  pathways,  die  P-  and  R-satellite-branch  transitions 
have  four  possible  pathways,  and  the  Q-branch  transitions  have  six  possible  pathways.  When  the 
photcm  energy  is  nearly  resonant  with  any  one  of  the  allowed  transitions  in  the  A^Hj  -  X^S'*'  (4,0) 
band  for  a  given  B^S'*'-X^S'''  (3,0)  line,  an  enhancement  in  the  line  strength  is  expected.  In 
Figure  3  the  magnitude  of  the  detuning  ( |  I )  is  plotted  as  a  function  of  for  the  six 

LN  ^  branches  in  a  particular  path.  Comparison  with  Figure  1  shows  that  the  values  of  for 
which  the  single-photon  detiming  is  small  are  those  for  which  a  strong  two-photon  absorption 
occurs  in  a  particular  tnanch.  The  reduced  intensity  of  0(20)  relative  to  0(18)  and  of  S(18) 
relative  to  S(16)  is  due  to  the  differences  in  the  detuning  between  these  pairs  of  lines,  which  is 
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Figures.  Detuning  of  the  laser  from  resonance  ( |  -  o)^^2  [ )  plotted  as  a  function  of  the 

ground-state  quantum  number  N  for  a  particular  pathway  in  each  of  the  six 
branches.  The  (4.0^  branch  that  provides  the  first  step  of  the  selected 

pathway  is  indicated  in  parentheses  for  each  two-photon  branch. 


roughly  a  factor  of  2.5,  and  a  (modeled)  difference  in  the  Bolt2mann  distribution  of  die  ground- 
state  levels. 

The  striking  near-symmetry  in  the  peak  intensities  relative  to  reflection  of  the  spectrum  about 
the  Q-branch  is,  again,  related  to  the  similarity  of  the  rotational  constants  for  v'=3  and 
v"=0  levels.  For  example,  the  strongest  O-  and  S-branch  transitions  are  Oj  (18.5)  and 
Si(16.5).  Both  uransitions  are  enhanced  by  a  single-photon  near  resonance  with  the  same 
intmnediate  level  in  the  A^II|,  v'=4  level:  Q=3/2,  /,'=17.5,  e  parity.  The  similarity  of  the 
rotational  constants  means  that  the  eno’gy  gap  between  =  16.5  and  =  18.5  is  almost  exactly 
the  same  as  that  between  =  16.5  and  jy  =  18.5.  Therefore,  whateva:  the  detuning  is  for  the  near 
resonant  int^mediate  level  (/,•  =  17.5  in  this  case)  for  the  Oj  (18.5)  line,  it  must  be  closely 
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matched  by  the  detuning  for  the  S  j  (1 6.5)  line.  A  similar  relationship  holds  for  all  of  the  pairs 
02(/p  and  S2(/^-2)  and  likewise  for  the  pairs  ^i2(^g)  and  ^R2i(/^-l).  The  same  intermediate 
state  contributes  to  the  abscaption,  and  the  detuning  is  almost  the  same  for  both  lines  in  a  pair. 
Thus,  resonantly  enhanced  peaks  appear  symmetrically  about  the  strong  Q-branch.  The  assumed 
rotational  distribution  (T=150  K)  in  the  v"=0  vibronic  level  accounts  for  the  fact  that  the 
related  peaks  are  less  intense  to  the  red  side  of  the  Q-branch  than  to  the  blue. 

Most  of  the  peaks  in  the  measured  spectrum  show  a  degree  of  asymmetry.  In  particular,  the 
strong  0(13)  md  S(1 1)  peaks  clearly  have  a  wing  to  the  blue.  This  asymmetry  is  not  an 
experimental  artifact  The  intensity  enhancement  for  both  peaks  is  dominated  by  °Pi2(12.5)  and 
^R2i(1  1.5)  contributions  due  to  a  near  resonance  with  the  same  intermediate  level:  Q=3/2, 
y,-=l  1.5,  f  parity.  TTie  asymmetry  is  not  due  to  a  perturbation  of  the  intermediate  level.  TheA  Hj, 
v'=4  level  has  no  perturbations  (due  to  v=8)  below  J  =  50.5  [21].  Moreover,  since  the 
strongest  lines  (with  the  closest  intmnediate  resonance)  are  those  that  appear  most  asymmetric, 
these  asymmetries  may  be  due  to  the  AC  Stark  effect  [26]. 

Two  anomalous  peaks  appear  within  the  two-photon  spectrum,  labeled  A  and  B  in  Figure  1. 
Peak  A  is  very  likely  the  (^Inranch  of  the  (4,1)  band.  The  wave  number  of  the  peak 

(«31,999  cm"^)  is  that  expected  for  the  origin  of  the  (4,1)  band  [6].  This  hot  band  is  also 
characterized  by  nearly  identical  values  of  the  rotational  constants  in  the  upper  and  lower  states 
[22, 27],  giving  rise  to  a  strong  feature  at  the  band  origin.  The  observation  of  the  (4,1)  band  is 
doubly  unexpected  because  of  its  poor  Franck-Condon  factor  and  the  absence  of  a  near-rescmant 
intermediate  state  [6].  However,  because  about  20%  of  the  CN  molecules  produced  by 
photolysis  have  v"=l,  there  is  a  sizable  population  available  for  two-photon  absorption.  We  have 
been  unable  to  identify  the  feature  labeled  B  in  Figure  1.  The  energy  of  the  transition  precludes  it 
being  another  B^S‘‘'*-X^S‘'',  Av=3  Q-branch,  and,  in  any  case,  no  vibrational  level  higher  than 
v"=l  in  Ae  ground  state  is  expected  to  be  significantly  populated.  Peak  B  is  also  not  due  to  a 
single-color,  coUision-asristed  double  resonance  absorption  [7].  Rotational  levels  Aat  would 
promote  this  process  are  not  available  in  Ae  A^IIj,  v=4  vibronic  level  at  half  Ae  energy  of 
aiumialous  peak  B. 
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5.  SUMMARY 


This  work  reports  observation  of  a  unique  set  of  two-photon  absorptions  in  the  CN 

(3,0)  band,  wherein  several  A^I!;,  v'=4  rovibronic  levels  provide  near-resonant 
enhancement  of  many  two-photon  transitions.  A  calculation  of  the  line  strength  for  such  a 
transition  using  angular  momentum  formalism  reproduces  the  major  features  of  the  observed 
spectrum.  Discrepancies  may  be  due  to  saturation  of  transitions  in  the  experiment,  errors  in  the 
spectroscopic  constants  used  to  calculate  the  line  strengths,  or  unjustified  neglect  of  the  laser 
bandwidth  relative  to  the  transition  detunings.  The  discovery  of  this  near-resonant  two-photon 
transition  with  its  well-developed  rotational  branches  opens  several  possibilities  as  tests  of 
multiple-photon  absorption  theory.  The  system  clearly  merits  further  study.  An  obvious 
experiment  would  be  to  excite  the  Q-head  of  the  transition  and  attempt  to  resolve  the 
(3,3)  R-branch  fluorescence.  This  experiment  would  provide  a  test  of  the  computed  relative 
intensities  in  the  Q-head  absorption.  In  addition,  an  attempt  to  measure  the  absolute  intensities 
of  the  absorptions  could  be  revealing.  Use  of  a  narrow  bandwidth  laser  or  two-color  experiments 
could  also  be  extremely  enlightening.  Finally,  the  transition  could  prove  an  excellent  test  of 
theories  of  polarization  and  the  AC  Stark  effect  [26]. 
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